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Abstract: The present study aims to evaluate the effects of an infant formula supplemented with a
mixture of prebiotic short and long chain inulin-type oligosaccharides on health outcomes, safety
and tolerance, as well as on fecal microbiota composition during the first year of life. In a prospective,
multicenter, randomized, double-blind study, n = 160 healthy term infants under 4 months of age
were randomized to receive either an infant formula enriched with 0.8 g/dL of Orafti®Synergy1
or an unsupplemented control formula until the age of 12 months. Growth, fever (>38 ◦C) and
infections were regularly followed up by a pediatrician. Digestive symptoms, stool consistency
as well as crying and sleeping patterns were recorded during one week each study month. Fecal
microbiota and immunological biomarkers were determined from a subgroup of infants after 2, 6 and
12 months of life. The intention to treat (ITT) population consisted of n = 149 infants. Both formulae
were well tolerated. Mean duration of infections was significantly lower in the prebiotic fed infants
(p < 0.05). The prebiotic group showed higher Bifidobacterium counts at month 6 (p = 0.006), and higher
proportions of Bifidobacterium in relation to total bacteria at month 2 and 6 (p = 0.042 and p = 0.013,
respectively). Stools of infants receiving the prebiotic formula were softer (p < 0.05). Orafti®Synergy1
tended to beneficially impact total daily amount of crying (p = 0.0594). Supplementation with inulin-
type prebiotic oligosaccharides during the first year of life beneficially modulates the infant gut
microbiota towards higher Bifidobacterium levels at the first 6 months of life, and is associated with
reduced duration of infections.
Keywords: inulin; oligofructose; prebiotic; infant formula; safety; efficacy; infection
1. Introduction
There is increasing evidence that colonization of the gut after birth has a long term
“programming” effect on health as mediated through the immune system. This has led
to the hypothesis that the gut microbiota has an important role in the modulation of the
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immune system, and therefore, in the prevention of infections in the infant. Feeding type
is one of the main factors to influence this colonization process [1]. It is well-known that
infants who have been breast-fed harbor bifidobacteria as predominant microorganisms
and slower development of the gut microbiota structural diversity, while those who have
been fed a standard formula develop a more varied microbiota with higher proportions
of, e.g., Escherichia coli, Clostridium and Bacteroides (e.g., [2]).The bifidobacteria-stimulating
effect has been ascribed to the presence of human milk oligosaccharides (HMO), which are
the third-most prevalent component in mother’s milk [3]. These non-digestible carbohy-
drates have prebiotic effects by stimulating the growth of bifidobacteria in the infant gut
microbial community and leading to the production of lactate and short-chain fatty acids
(SCFA), in particular acetate, propionate and butyrate. SCFA have been shown to influence
many molecular and cellular processes, linked to immunity and other physiologically
relevant aspects [4–6]. Moreover, the gut microbiota, including its fermentation activity,
has been considered as the most important and an early stimulus for the development of
the gut-associated lymphoid tissue (GALT) [7]. Consequently, the establishment of gut
microbiota is generally accepted as being of great importance to gastrointestinal physiology
and to modulating the health and well-being of the infant [8].
When breast feeding is not possible, one of the proposed strategies for modulating the
composition of the intestinal microbiota of the formula-fed infant and bringing it closer
to breast-fed babies is the enrichment of infant formula with established prebiotics such
as inulin-type fructans, such as oligofructose and inulin, and galacto-oligosaccharides
(GOS) [9]. Similar to HMO, the fermentation of prebiotic carbohydrates leads to growth
stimulation of bifidobacteria and the production of lactate and SCFA [10]. Two previous
studies in healthy term newborns have demonstrated that infant formula supplemented
with Orafti®Synergy1, a chicory-derived inulin which is enriched by shorter chain inulin
(oligofructose), modulates the gut microbiota composition as well as stool characteristics
closer and more comparable to those of breast-fed infants [11,12]. Prebiotics have also
been found effective in decreasing the rate of infections and in reducing febrile episodes in
infants and young children [13–18]. Furthermore, inulin and oligofructose can modulate
certain functions of the immune system. In animal studies, inulin and oligofructose have
been shown to affect different parameters and functions of the gut-associated lymphoid
tissue (GALT), such as interleukin 10, the concentration of secretory IgA and the cytotoxicity
of natural killer cells [19].
The aim of the present study was, therefore, to evaluate the effects of long-term
supplementation of an infant formula with a mixture of short and long chain inulin-type
oligosaccharides (Orafti®Synergy1) on immunological health-related outcomes, as well as
on gastrointestinal function and well-being in infants during the first year of life. The effects
on infant growth, tolerance and on the composition of fecal microbiota were further aims
of this study. The hypotheses to be tested in the present study were: the administration
of an infant formula and follow-on formula enriched with prebiotic oligosaccharides
(Orafti®Synergy1; Beneo-Orafti, Tienen, Belgium) in a quantity of 0.8 g/dL during the first
year of life improves the immunological status and reduces the incidence of infections and
days with fever, improves gastrointestinal function and increases infant well-being.
2. Materials and Methods
2.1. Study Design
This clinical study was conducted as a multicenter, prospective, randomized, double-
blind, placebo-controlled study in healthy term infants <4 months of age. It was part of
the EARNEST project (EARly Nutrition programming-long term follow up of Efficacy and
Safety Trials and integrated epidemiological, genetic, animal, consumer and economic
research), an EU-funded integrated project within the 6th Framework Programme (FOOD-
CT-2005-007036).
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2.2. Study Participants
Infants were recruited from different pediatric hospitals, primary care centers and
pediatric medical clinics located in Spain (five sites) and Belgium (two sites) from June 2008
until end October 2010. The recruitment of infants was done according to the following
inclusion criteria: healthy term infants born between 37–42 weeks of gestation, birthweight
appropriate for gestational age (between percentiles 3 and 97), between 0–4 months of
age and exclusively fed infant formula on enrolment into the study. The exclusion criteria
were: parents not able to comply with the study follow up (according to physician criteria),
any relevant disease that could affect infant feeding and growth, any condition related
to the immune system (e.g., primary immunodeficiency) and presence of an infection
during 7 days prior to study entry. Although it was not specifically mentioned that
antibiotics could not be taken, this is implicit in this exclusion criterion. Infants fed
an infant formula containing probiotics or prebiotics 15 days prior to study entry were
excluded from participation.
The total number of recruited infants was n = 160. Since infants between 0 and
4 months of age were included in the study, the data on study visit 2 (corresponding to
2-month-old infants) include a smaller number of children compared to later study visits.
For more details, please see Figure 1 (study flow chart).
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2.3. Intervention
The nutritional intervention lasted from the day of inclusion until the infant reached
one year of life. Infants were randomly assigned to receive either a standard formula
(control formula) or an experimental formula supplemented with 0.8 g/100 mL of chicory-
derived oligofructose-enriched inulin (Orafti®Synergy1; Beneo-Orafti, Tienen, Belgium).
Orafti®Synergy1 is an oligofructose-inulin combination containing shorter chain inulin
(oligofructose DP < 10) and longer chain inulin (inulin DP ≥ 10) in an approximate 50:50
ratio ± 10% each.
Both control and experimental formulae had similar energy, macro- and micronutrient
contents and were in accordance with the EU legislation on infant and follow-on formula
composition (Directive 2006/141/EC). Both infant and follow-on formulae were developed
to be administered during the study (see formula nutrient composition in Supplementary
Table S1). Th energy content was 66–67 and 68–69 kcal/100 mL, protein content was 1.4
and 1.8 g/100 mL and lipid content was 3.5 and 3.2 g/100 kcal in infant and follow-on
formulae, respectively. Neither control nor experimental formulae were supplemented with
arachidonic and/or docosahexaenoic acid because it was not mandatory at the time the
study was performed. Formulae were manufactured by Laboratorios Ordesa (Barcelona,
Spain). They were coded by the sponsor using a color code, and research staff, pediatricians
and parents were blinded throughout all the study period.
2.4. Outcomes
Primary outcome of the study was the occurrence of infections in infants during the
first year of life (measured through the presence of fever >38 ◦C and number and duration
of infectious episodes). Secondary objectives included gastrointestinal function and well-
being, measures of infant growth, intestinal microbiota composition and fermentation
products, development of allergy in the infant and effects on immunology markers in feces.
2.5. Study Procedures
Study protocol was approved by the ethical committee in all participating centers.
At the recruitment visit, infants <4 months of age were randomized to receive either
an infant formula supplemented with 0.8 g/100 mL of oligofructose-enriched inulin
(Orafti®Synergy1) or a standard formula with no prebiotics added. Allocation to a study
group was performed according to a computer-generated randomization list, which was
provided to a study member not involved in recruitment or study visits. Infant follow-up
was carried out up to the age of 12 months. Study visits with pediatricians were scheduled
at baseline, 2, 4, 6, 9 and 12 months of age of the infants. Exclusion criteria during the study
were digestive intolerance to either of the two study formulae, voluntary withdrawal by the
parents, feeding with a formula different from the study formulae for more than 10 days
during the study or regular supply of prebiotics or probiotics through other complementary
foods (e.g., biscuits, yogurt, infant cereals, etc.).
At baseline visit, demographic information and infant characteristics were collected by
interview. Baseline data on stool frequency and consistency, digestive tolerance, sleeping
habits and infant crying duration were collected by parental recall over the past week.
In addition, at all study visits, infant anthropometry was recorded: weight of the naked
infant was determined by calibrated electronic scales, length was measured in supine
position by using a standard measuring board and head circumference was determined
using a non-extendable insertion tape. For anthropometric measurements, Z-scores were
calculated according to the World Health Organization (WHO) standards using WHO
software (WHO Anthro software). Furthermore, physical and clinical exploration was
performed and variables related to lifestyle habits were recorded at each study visit.
Throughout the study, parents were advised to contact the pediatrician in case of
any infectious or relevant event. In addition, they were given a diary to register data
related to eventual infectious events: number of days with fever defined as infant body
temperature >38 ◦C (thermometer was provided by the sponsor to all study participants
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and instructions to measure temperature were given to the parents), medical diagnosed
infection and duration of the infection, as well as use of antibiotics or other medication.
The parents’ diaries also included data on digestive tolerance (number of vomiting and
regurgitation episodes per day, presence of excessive flatulence and presence of infantile
colic), number and type of depositions per day, sleeping habits (total hours slept, total
hours of nocturnal sleeping per day) and a crying diary, which were collected during
the first week each study month throughout all the study period. Parents were asked
to bring the diaries to each study visit in order to report on all the collected data to the
study pediatrician.
Stool consistency was evaluated on a 1-to-3 scale with pictograms (1 = hard,
2 = soft/formed, 3 = liquid/semi-liquid). For further analysis, a reciprocal stool con-
sistency score was done and calculated as follows:
Score =
(Number type1 × 3) + (Number type2 × 2) + (Number type3 × 1)
Total number
(1)
The lower score values reflect softer stools, while higher ones reflect harder stools.
From the 5th month of age, instructions to start complementary feeding were provided
by the pediatrician, following guidelines included in the study protocol, which were based
on national recommendations. At each study visit, feeding data were collected (total
volume of study formula ingested per day, introduction of complementary foods). Any
potential adverse event (AE), defined as any untoward medical occurrence in an infant
recruited in the study which does not necessarily have a causal relationship with the
intervention with study formula was also recorded.
2.6. Analysis of Fecal Microbiota
Stool samples were collected from a subgroup of infants at the age of 2, 6 and
12 months, in four study centers which had equipment needed to store samples. Af-
ter providing materials for sample collection in the previous visit, around 1–2 mL of feces
obtained by spontaneous defecation were collected in a sterile plastic container, frozen
as soon as possible and kept in a freezer at −20 ◦C. Stool samples were brought frozen
to the study unit at specific study times. Stool samples were stored at the hospitals at
−80 ◦C and then sent frozen to a central laboratory (Institut für Mikroökologie, Auf den
Lüppen, Herborn, Germany). Stool samples were analyzed for Bifidobacterium, Bacteroides,
Enterobacteriaceae, C. coccoides group, C. leptum group and total bacteria by qPCR with the
procedure described below. Different protocols and primer pairs were applied for the
detection of the individual bacteria [20–22] (Supplementary Table S2).
From the stool samples, DNA was extracted using Easy Mag DNA Isolation system
(BioMerieux, Nuertingen, Germany) according to the manufacturer’s instructions. PCR
amplification and detection was performed using an ABI 7300 Real Time PCR System
(Applied Biosystems, Darmstadt, Germany) in optical-grade 96-well plates sealed with the
optical sealing tape. Each reaction mixture (25 µL) comprised 12.5 µL of QuantiTect SYBR
Green PCR Master Mix (Qiagen, Hilden, Germany), 1.6 µL of primer mixes (10 mol/µL
each), 9.4 µL of sterile distilled water and 1.5 µL of stool DNA (10 ng/µL). For the negative
control, 1.5 µL of sterile distilled water instead of the template DNA solution was added
to the reaction solution. A standard curve was produced using the appropriate reference
organism to quantify the qPCR values into numbers of bacteria per gram of stool. Each
reference species was grown to sufficient amounts in the appropriate media and under
the required conditions (for further information please check www.dsmz.de, accessed on:
14 April 2011). The exact cell numbers were determined by flow cytometry. Subsequently,
the highest attained cell numbers were diluted in 10-fold steps and the DNA was extracted.
Following qPCR, the Ct for each dilution was determined and plotted on a curve. This
curve determined the standard curve for each reference organism. The following species
were used as reference organisms for the respective standards: Bifidobacterium adolscen-
tis DSM20083 for the genus Bifidobacterium, Bacteroides fragilis DSM 1396 for the genus
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Bacteroides, Escherichia coli DSM 301 for the family Enterobacteriacae, Blautia coccoides DSM
935 for the C. coccoides group and Clostridium leptum DSM 753 for the Clostridium leptum
group. DNA from the reference species was isolated with the same protocol as described
earlier. The standard curves were prepared using the same PCR assays as for the samples.
The fluorescent products were detected in the last step of each cycle. A melting curve
analysis was carried out after amplification to distinguish the targeted PCR products from
the non-targeted PCR products. The melting curves were obtained by slow heating at
temperatures of 60 ◦C to 95◦ C at a rate of 0.2 ◦C/s, with continuous fluorescence collection.
The data was analyzed using the ABI 7300 Real Time PCR System Sequence Detection
Software Version 1.4
The real-time PCRs were performed in triplicate, and average values were used for
enumeration. The amplification program used consisted of one cycle of 95◦ C for 15 min,
40 cycles of 95 ◦C for 30 s and 50 cycles of 60 ◦C for 60 s (depending on primers, see
Supplementary Table S2 annealing temperatures). The detection limit was 105 cfu/g of
wet feces.
2.7. Biochemical Analysis
Calprotectin was evaluated in fecal samples by calprotectin enzyme-linked immunosor-
bent assay (ELISA) (Calprest; Eurospital SpA, Trieste, Italy) according to the manufacturer’s
instructions. Briefly, stool samples were thawed and 40–120 mg suspended in an extraction
solution in a weight per volume ratio of 1:50, mixed by vortex and homogenized. One
milliliter of the homogenate was centrifuged for 20 min at 10.000 g and supernatants were
frozen at −20 ◦C until analysis. After at least 1:50 dilution in the buffer, supernatants
were added to the microtiter plate wells, incubated at room temperature for 45 min and
washed three times with washing solution. Purified rabbit anti-human calprotectin anti-
bodies, conjugated with alkaline phosphatase, were added and incubated for 45 min at
room temperature. After washing, enzyme substrate was added to each well and 30 min
later, the reaction was stopped with 1 M NaOH. Optical densities were read at 405 nm
with a microplate ELISA reader (Multiskan EX; Thermo Electron Corporation, Helsinki,
Finland). Samples were tested in duplicate and results were calculated from standard
curve and expressed as µg/g feces. Secretory IgA was analyzed from the supernatants of
fecal homogenates. Briefly, the homogenates were centrifuged (13.000× g per 10 min), and
the supernatants were collected. sIgA was determined by indirect enzyme immunoassay
(Salimetrics LLC, Carlsbad, CA, USA). The results were expressed as µg/g of feces.
The study was performed following the Helsinki declaration and the guidelines for
the ethical conduct of medical research involving children. Study protocol was approved
by Ethical Committees in all participating hospitals and the CEIC Fundacio Sant Joan
de Déu (Central Ethical Committee Spain, approval No: 2008). Written informed con-
sent was obtained from parents or tutors of the infants. The trial has been registered at
ClinicalTrials.gov (identifier NCT04441359).
2.8. Statistical Analysis
Sample size calculation was performed based on potential differences in the variable
days of fever between intervention groups. The estimates were a difference in 0.66 days of
fever (1.3 common standard deviation) between the control and experimental group [23],
an α error of 0.05, a β error of 0.2 and a power of 80%. Assuming a 20% attrition rate, a
total of 154 infants, 77 infants in each group, were required.
Once study results were available, a statistical database was developed in the Macro
system. Complete data from infants both from case report forms and parent’s diaries were
introduced in the database. For all diary data, a daily average or a daily total was calculated
for those parameters where more than one entry per day was possible (e.g., number of
stools per day). These data were later assigned to the corresponding study visits. For
variables referring to infants’ well-being, such as total sleeping time, nocturnal sleeping
time (from 22 h to 10 h) and crying time, we obtained half-hour fractions. We added all
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the amounts for each week, transformed values to minutes/24 h, and assigned diary data
to the corresponding study visits. Once all the data were introduced and reviewed for
queries, they were exported and listed. After doing blinding review of variables listed, the
study population was defined.
Data of the continuous variables are presented as the mean ± SD and those of cat-
egorical ones as counts and percentages. Normality of the data was evaluated by the
Kolmogorov-Smirnov test. Comparisons between groups for demographical variables over
visits were done fitting a linear mixed model with time and group as the main effects.
The statistical analysis of outcome variables with respect to the a priori hypothesis of
the study was conducted as follows: the total number of days with fever and total number
of infections were modeled fitting a generalized linear model of Poisson with the treatment
group as the independent variable. Marginal distributions of the number of days with
events or number of infections along time were described fitting a Poisson model using
a generalized estimating equation approach (GEE) with length of the time during which
the events are recorded and treatment group as independent variables. Cumulated days
of fever were compared between treatments using two sample median tests. For binary
outcomes repeated over time, the GEE approach assumed a binomial distribution, the
logit of event being explained by time, treatment group and their interaction. IgA and
calprotectin were transformed to log in order to get centered distributions. Comparisons
between groups for IgA and calprotectin were done fitting a linear mixed model with time
and group as main effects. Stool consistency scores were compared between groups fitting
a rank analysis of covariance, with comparisons made at 2, 4, 6, 9 and 12 months, taking the
baseline value as a covariate. Final and baseline values were ranked and a linear regression
of final value ranks on baseline ranks was fitted to obtain residuals. These mean values of
residuals in both treatment groups were compared by means of the Mantel-Haenszel mean
score statistic.
Data management and statistical analysis was performed with SAS 9.4 (2002–2010 by
SAS Institute Inc., Cary, NC, USA). The microbiota data assessed by qPCR are presented as
absolute cell counts (log transformed) and as the percentage of the total bacteria (calculated
with non-transformed data). Several samples were below the detection limit, which was
5 log cfu/g feces. To account for the missing values, for the statistical evaluation, the
missing values were imputed by the detection limit of 5 log. All groups and assessment
time points were treated similarly. The Kolmogorov-Smirnov test has been performed to
test the normal distribution of absolute cell counts. The median (interquartile ranges, IQR)
is shown. The Mann-Whitney test was used for a comparison of the two groups at month
2, 6 and 12.
3. Results
The formula enriched with Orafti®Synergy1 was safe and well-tolerated by the infants.
The rate of serious adverse events was low (n = 1 infant in prebiotic group had to be
hospitalized for an event that was not related to formula intake, estimated by a physician).
In total, n = 160 infants were recruited from different clinical centers in Spain and
Belgium. The ITT (intention to treat) population consisted of 149 infants, and the PP (per
protocol) population of 123 infants (a study flow chart is presented in Figure 1). The
baseline characteristics of the enrolled infants are presented in Table 1. There were no
statistically significant differences between the groups.
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Table 1. Baseline characteristics of the infants enrolled in the study.
Prebiotic Formula Control Formula
Data at inclusion
mean (SD)
Age (days) 67.87 (39.73) 60.04 (41.35)
Weight (g) 5216 (1344) 5088 (1529)
Height (cm) 56.69 (4.82) 56.57 (5.68)
Head circumference (cm) 38.75 (2.82) 38.73 (2.99)
Duration of breastfeeding (days) 45.88 (34.41) 47.71 (36.04)
Amount of formula ingested
(ml/day) 718.8 (212.6) 790.8 (294.4)
Data at birth
mean (SD)
Weight (g) 2882 (1081) 3704 (1243)
Height (cm) 49.61 (2.89) 49.92 (1.84)
Head circumference (cm) 34.29 (1.61) 34.94 (1.22)
Gestational age (years) 39.27 (1.47) 39.05 (1.57)
Maternal age (years) 31.38 (4.96) 32.77 (5.83)
Type of birth
Eutocic (%) 61.5 43.1
Dystocic (%) 15.4 20
Cesarean (%) 23.1 36.9
Sex Boy (%) 47.7 49.2
Girl (%) 52.3 50.8
Siblings Yes (%) 51.6 51.6
No (%) 48.4 48.4
* Statistical differences between the groups (p < 0.05).
3.1. Anthropometric Data
There were no significant differences in growth-related variables measured as Z-scores
(weight-for-age, length-for-age) between the two feeding groups (Figure 2). Supplementary
Table S3 presents the results on body weight (g), length (cm) and head circumference (cm).
Average formula intake (mL/day) was in the normal range [11] in both groups at all study
points, yet with a significantly higher average intake with the standard formula at month 4
(Supplementary Table S4).
3.2. Health-Related Outcomes
The total number of infections was low and did not differ between the two groups
(Supplementary Table S5), whereas the mean duration of infection was significantly lower
in the group receiving the prebiotic-supplemented formula (intervention group) compared
to the standard infant formula group (control) (p = 0.034, Figure 3). The number of
infants who experienced at least one infection was slightly lower in the intervention group
compared to the standard infant formula group, without reaching statistical significance
(51 vs. 62%, respectively, p = 0.186). The cumulated days with fever at 12 months were
small and comparable between the two feeding groups (2.44 ± 2.27 d vs. 2.59 ± 2.59 d for
the prebiotic and control group, respectively, p = 0.831).
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The number of infants with exanthema, atopic disease and allergies was overall
very low throughout the follow-up visits. Although there were no statistically significant
differences between the groups for all of these three conditions (p > 0.05), fewer infants
of the intervention group were affected at months 2, 6, 9 and 12 (cumulative data for
exanthema: 1 in prebiotic vs. 3 in control group; dermatitis: 2 in prebiotic vs. 5 in control
group; allergies: 0 in prebiotic vs. 1 in control group). With respect to stool biomarkers
of inflammation, slightly higher levels of sIgA were found in the intervention group,
particularly at 12 months of age (p = 0.078). Levels of fecal calprotectin did not differ
between both groups (data not shown).
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3.3. Infant Behaviour and Well-Being
Total daily amount of crying was lower (p = 0.0594) in the intervention group compared
to the control group for most of the studied period (i.e., in 2-, 4-, 6- and 9-month-old infants)
except for the last time point (Figure 4).
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The presence of digestive symptoms is shown in Supplementary Table S6. Measure-
ments related to digestive tolerance (number of regurgitations/day, number of vomits/day,
presence of flatulence or meteorism) were not different between prebiotic and control
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groups at all time points. Similarly, infantile colic and resting times were comparable
between both groups (data not shown).
3.4. Stool Parameters
The total number of stools per day was comparable between both feeding regimes
throughout the study (data not shown). Stools of infants receiving the formula supple-
mented with Orafti®Synergy1 scored lower (and were softer) than stools of infants in
the control group fed a standard non-supplemented formula throughout all study period
(p < 0.05) (Figure 5).
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Figure 5. Mean tool consistency score for i fants receiving prebiotic or control formula until 12
months of age. Grey lines containing white rhombs represent the prebiotic group, while black lines
with black squares represent the control group. The lower score values reflect softer stools, while the
higher ones reflect harder stools. * Statistically significant from control group (p < 0.05).
3.5. Fecal Microbiota Composition
Total bacteria counts were similar in both groups at all time points (months 2, 6 and
12). Bifidobacterium counts were significantly higher in the prebiotic compared to the control
group (8.91 (8.31, 9.41) vs. 8.15 (7.24, 9.09), median and IQR intervals, respectively) at
6 months of age (Table 2). When results were expressed as proportions of Bifidobacterium in
relation to total bacteria, the prebiotic group showed significantly higher values at month 2
and 6, but not at month 12 (Figure 6). Bacterial counts and proportions of other bacteria
groups did not differ between both groups.
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Table 2. Fecal microbiota counts by group (median (IQR) of log cfu/g feces and statistical comparison
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Bifidobacterium M2 8.52 (8.00, 9.08) 8.16 (7.41, 8.88) 0.342
M6 8.91 (8.31, 9.41) 8.15 (7.24, 9.09) 0.006
M12 8.54 (7.80, 9.34) 8.40 (7.52, 9.07) 0.521
C. coccoides
group M2 5.00 (5.00, 5.31) 5.00 (5.00, 6.31) 0.884
M6 5.88 (5.00, 6.81) 6.14 (5.00, 7.28) 0.437
M12 7.11 (6.02, 8.00) 7.14 (6.54, 7.89) 0.638
C. leptum group M2 5.00 (5.00, 5.00) 5.00 (5.00, 5.00) 0.125
M6 5.00 (5.00, 5.59) 5.11 (5.00, 6.29) 0.078
M12 7.00 (6.20, 7.59) 6.48 (5.70, 7.69) 0.585
Enterobacteriaceae M2 7.76 (7.03, 9.05) 8.19 (7.37, 9.14) 0.932
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Total counts M2 10.17 (9.97, 10.48) 10.93 (10.04, 11.45) 0.053
M6 10.55 (9.82, 11.31) 10.63 (10.19, 11.16) 0.777
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control. 
Figure 6. Fecal Bifidobacterium counts by group (median) of the percentage of total bacteria at months
2, 6 and 12. The black bars represent the control group, while the white bars indicate the prebiotic-
supplemented group. Bifidobacterium counts were significantly higher in the prebiotic group at
months 2 and 6 of age.
4. Discussion
The addition of Orafti®Synergy1 to standard infant formula at a ily dose of 0.8 g/dL
was well tolerated by the infants, and furthermore, slightly increased their well-being, as
illustrated by numerically lower daily crying-times compared to the non-supplemented con-
trol.
The good tolerance of the supplemented formula was demonstrated by similar formula
intake volumes and growth-related parameters in the two groups of infants throughout
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the study. Typical gastrointestinal symptoms (e.g., regurgitation, vomiting) did not differ
between the groups. The rate of adverse events was low and comparable as well. No
safety concerns were revealed as reflected by the absence of relevant differences in number,
severity, relatedness or type of AEs. The present study thus confirms findings of previous
studies reporting that Orafti®Synergy1, at the same dose level, is safe and well-tolerated by
neonates [12] and newborn infants [11]. Overall, the results are in line with earlier clinical
trials performed in healthy infants investigating safety and tolerability of formulae enriched
with prebiotic inulin-type fructans (e.g., [24–27]). The current study also agrees with the
conclusions of a recent systematic review on the safety of infant formulae supplemented
with established prebiotics [8]. The study, nevertheless, is distinct from previous ones, as it
is a particularly long intervention and covers the first 12 months of life.
The main objective of the present trial was to explore whether supplementation of
prebiotic chicory-derived inulin-type fructans could reduce the incidence of infections in
newborn infants until the age of 1 year. A recent systematic review and meta-analysis
addressed the efficacy of prebiotics in the prevention of acute infectious diseases in the
healthy pediatric population [15]. The authors concluded that prebiotics may be effective
in decreasing the rate of infections requiring antibiotic intake, and in lowering the rate
of overall infections in infants and children aged 0–24 months, while the number of
studies investigating the preventive effects of prebiotics on acute infections is limited.
Consequently, the current study provides further support for such health-related outcomes.
In general, the overall number of infections as well as days with fever were very
low during the whole study period. This indicates that the infants included in this study
were very healthy, a fact that may have hampered the possibility to see more clearer
beneficial effects with prebiotic-supplemented vs. non supplemented formula on these
outcome parameters. However, while the total numbers of infections were not influenced
by prebiotic intake, the overall duration of infections was significantly lower in the group
receiving the Orafti®Synergy1-enriched formula compared to the group receiving the
standard formula. This reveals that the prebiotics included in the infant formula might
have induced a modulation of some immunological processes, presumably as a result
of the microbiota modifications and related gastrointestinal immunological parameters.
These may include, e.g., secretory IgA, for which a trend for an increase in fecal samples of
the prebiotic-supplemented formula group was observed. Higher fecal concentrations for
sIgA have also been reported in infants receiving an infant formula enriched with another
prebiotic mixture (GOS:FOS) (e.g., [28,29]) and suggested to reflect an increase of mucosal
immunity. Further studies with this prebiotic mixture found a reduced number of episodes
of infections including recurrent infections [16], and also observed a lower incidence
of atopic dermatitis at the end of the observation period of 6 months [30]. Moreover,
the cumulative incidence of atopic disease during the two-year follow-up period was
significantly reduced [31]. In the present study, the number of infants with exanthema,
atopic disease and allergies was very low throughout the follow-up visits. Nevertheless,
a numerically lower incidence of these diseases was observed in the prebiotic-fed babies
covering most of the entire follow-up period.
Ingestion of infant formula supplemented with a mixture of short and long chain
inulin-type oligosaccharides increased Bifidobacterium populations in the fecal microbiota
in infants in the current study, and thus, this study confirms previous studies [11,12]. The
pronounced differences in gut microbiota composition between prebiotic-supplemented
formula and non-supplemented formula observed at months 2 and at 6 months of age dis-
appeared as the ingestion of total amounts of infant formula decreases and diversification
of the infant’s diet occurs; this effect could also be attributed to the increase of gut micro-
biota diversity within the maturation process. However, this early microbiota modulation
is associated with longer term beneficial effects on clinical health and well-being up to
1 year of age. These data support the idea that very early life nutritional interventions can
modify gut microbiota establishment, and consequently, its composition and function being
determinant for immune system development and immune responses later in life [32–34].
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Stool consistency was softer with the prebiotic-supplemented formula compared to the
standard formula. This is in accordance with previous studies reporting a stool consistency
closer to that of breast-fed infants. Due to the prebiotic nature of Orafti®Synergy1, its fer-
mentation can benefit bowel habits and stool characteristics in formula-fed infants, similar
to HMO in breast-fed infants. Previous reviewed trials consistently demonstrated that the
addition of prebiotics to infant formulae has the potential to soften stools (e.g., [11,17,24,35]),
an effect beneficial in particular in infants with hard stools [8,36].
A strength of this project is that it is a long-term study where infants were followed
up to the age of 1 year. The findings of good tolerance and safety of Orafti®Synergy1
oligofructose-enriched inulin shown in previous studies have been confirmed in this study
as well (good growth, a similar rate of AEs in both feeding groups). Drop-out rates were
quite low considering the long-term nature of this study, and evenly distributed among
the groups (21% vs. 25%, control vs. prebiotic group, respectively). This suggests that the
drop-outs were not related to the intervention.
A potential limitation of this study could be that recruitment of infants was allowed
between 0 and 4 months of age, which may increase the influence of other types of feeding
and breastfeeding. However, randomization should have limited the between-group differ-
ences, as confirmed by the mean age being similar in both feeding groups at recruitment.
Another limitation may be that this study applied qPCR on individual bacterial groups
only to characterize the fecal microbiota of the infants during the intervention period.
This limited the possibilities of doing a more explorative analysis about the relations of
microbiota characteristics and health outcomes or other factors. In order to comprehen-
sively understand the effects of early life nutritional interventions with prebiotics and their
beneficial effects, further studies are, thus, warranted, including 16S rRNA gene sequencing
techniques and long-term follow-up.
In conclusion, supplementation of infant formula with inulin-type prebiotic oligosac-
charides containing shorter and longer chains was well tolerated and beneficially modu-
lated the infant gut microbiota towards higher Bifidobacterium levels, accompanied by softer
stool consistency. The reduced duration of infections emphasizes the possible interaction
between gut flora modulation and immunity.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13041276/s1, Table S1: Study formula characteristics, Table S2: Primer selection for qPCR,
Table S3: Growth-related variables of infants following the consumption of either prebiotic vs. control
formula at the following time points: age of 2, 4, 6, 9 and 12 months, Table S4: Amount of formula
ingested following the consumption of either prebiotic vs. control formula at the following time
points: age of 2, 4, 6, 9 and 12 months, Table S5: Number of infections until 12 months of age, Table
S6: Digestive symptoms of the infants by feeding group and study time.
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